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Focused Clinical Question
Is TENS or cryotherapy the more effective disinhibitory modality for treating quadriceps activation failure (quantified via CAR) in patients with knee pathologies?
Summary of Search, "Best Evidence" Appraised, and Key Finding  The literature was searched for studies of level 3 evidence or higher (based on Oxford
Centre of Evidence-Based Medicine 2011, Levels of Evidence) that investigated the effect of TENS and/or cryotherapy interventions for improving quadriceps activation levels in patients with knee pathologies.
 Three moderate to high-quality randomized controlled trial studies [9] [10] [11] were included and critically appraised.
 All three studies [9] [10] [11] supported the use of TENS and/or cryotherapy for improving quadriceps activation levels in patients with diagnosed knee pathologies.
Clinical Bottom Line
There is sufficient evidence to suggest that both TENS and cryotherapy can be used to improve quadriceps activation levels in patients with knee pathologies who demonstrate quadriceps activation failure. Unlike cryotherapy, TENS can be used in conjunction with most physical activity, and therefore may be the more versatile disinhibitory modality.
Strength of Recommendation:
Based upon the American Family Physician's Strength of Recommendation Taxonomy, there is Level B evidence to support the use of either TENS or cryotherapy to improve quadriceps activation levels in patients with knee pathologies. The evidence supports both disinhibitory modalities as being effective treatments for quadriceps activation failure, but proposes TENS to have the most clinical versatility. 
Exclusion Criteria
 Studies that did not use a force-based technique to assess quadriceps activation  Studies involving subjects with post-surgical knee conditions
Results of Search
Three eligible and relevant studies [9] [10] [11] were categorized as shown in Table 1 (based on
Oxford Centre of Evidence-Based Medicine 2011, Levels of Evidence).
Best Evidence
The studies listed in Table 2 represent the best available evidence and were selected for inclusion in the critically appraised topic (CAT). These studies were selected because they fulfilled the following criteria: grade 3 or higher 9-11 level of evidence, studied TENS and/or cryotherapy, and reported the effect of these interventions for increasing quadriceps activation levels in patients with diagnosed knee pathologies.
Implications for Practice, Education, and Future Research
All three studies [9] [10] [11] reviewed in this CAT supported the use of either TENS or cryotherapy as disinhibitory inventions for patients with knee pathologies who demonstrate QAF. The one study 10 that investigated the effectiveness of TENS alone, reported that a combination of TENS with exercise produced higher CAR in patients with knee osteoarthritis compared to placebo-TENS (with exercise) and exercise alone at various time points within the 4-week intervention. Of the two studies 9,11 that compared the effectiveness of TENS and cryotherapy, both reported significant improvements in patients' CAR over time, however there were no significant differences between the two interventions. One of the studies 11 found neither intervention to be more effective than exercise alone for improving CAR in patients with ACL injuries. However, the mean CAR between groups in this study was not equal at baseline, with the exercise-only group having higher baseline CAR than both the TENS and cryotherapy groups. Therefore, the higher baseline CAR observed in the exercise-only group placed them at an advantage, and may have masked the supplementary effect of the cryotherapy and TENS interventions. In other words, the exercise-only group was not very inhibited to prior to beginning their intervention and as a result, may have fallen victim to a ceiling effect. If the exercise-only group was as inhibited as the TENS and cryotherapy groups at baseline, a larger effect from exercise alone may have been observed.
Examining the treatment effect sizes and corresponding 95% confidence intervals (Table   3 ) reported in these studies [9] [10] [11] provides better insight into the clinical effectiveness of TENS and cryotherapy for improving quadriceps activation levels in patients with knee pathologies. Effect sizes were calculated using Cohen's D equation (difference in mean CAR from baseline to posttest, divided by the pooled standard deviation of the two means). Compared to the control and placebo groups, the groups assigned to either intervention repeatedly demonstrated stronger and significant (95% confidence intervals did not cross zero) effect sizes for improving CAR in patients. Furthermore, TENS displayed the strongest effect sizes at each time point, and it was
the only intervention to demonstrate significant effect sizes (95% confidence intervals did not cross zero) for all measurement time points. Figure 1 provides a comparison of effect sizes between TENS and cryotherapy interventions from all three studies. [9] [10] [11] This observation suggests that TENS may be the more clinically effective disinhibitory modality.
When comparing effect sizes between TENS and cryotherapy, an interesting pattern can be observed for the post-treatment measurements. TENS consistently exhibited stronger effect sizes than cryotherapy, and unlike cryotherapy, maintained significant effect sizes at each post- treatment measurement. These findings contradict prior assumptions derived from previous experimental effusion studies, in which spinal reflex excitability remained facilitated longer in the cryotherapy group compared to the TENS group. 6 The sustained effect of cryotherapy has been attributed to residual cooling of cutaneous nerve endings that is present immediately after treatment, which prolongs the transmission of excitatory afferent information to the spinal cord and continues to disinhibit the joint musculature. 6, 12 Thus, cryotherapy was originally thought to be the superior disinhibitory modality.
A potential explanation for the opposing results of the studies [9] [10] [11] included in this review can be attributed to differences in dosage durations. The studies by Pietrosimone et al. (2009) 6 and Hart et al. 11 , which compared both disinhibitory modalities, allowed the cryotherapy groups to ice their knee for only 20 minutes, while the TENS group was allowed to wear their TENS unit throughout the measurement period 9 or exercise session. 11 Therefore, the reason why these two studies found TENS to have a higher effect sizes than cryotherapy may be largely attributed to the difference in treatment durations. The authors did not provide rationale as to why the cryotherapy groups were only allowed to ice for 20 minutes; however, it may have been instituted as a safety measure. The authors did provide justifiable rationale for why the TENS groups were allowed to wear their TENS units for a longer duration than the cryotherapy groups.
In response to the previously reported residual cooling effect observed after cryotherapy removal, 6, 12 the two studies 9,11 that compared both modalities increased the TENS group's treatment duration to allow for a more fair comparison between the modalities. In the two investigated the effects of TENS alone instructed their subjects to wear their TENS unit at least 8 hours each day and during their exercise sessions. Unlike ice bags, TENS units can be worn during exercise without obstructing movement, and although both modalities may be equally effective at increasing motor neuron pool excitability, the versatility of TENS gives it a clinical advantage over cryotherapy.
The findings from this review suggest TENS to be more effective as a disinhibitory modality for improving quadriceps activation levels in patients with knee pathologies. However, due to differences in dosage parameters and patient population between the three studies, acute knee injuries that cause considerable pain and inflammation, and often involve multiple joint comorbidities. 11 Therefore, a greater treatment intensity and duration may be needed for these modalities to successfully override the inhibitory afferent information originating from the knee in patients with acute knee pathologies. Further investigations are needed, especially in patients with acute knee pathologies, to determine the most effective disinhibitory modality for treating quadriceps activation failure.
As is known, quadriceps activation failure can result from swelling and/or pain within a joint. 13 Therefore, given the inflammatory status of the patient being treated, clinicians may elect to use one of the disinhibitory modalities over the other. Patients with chronic knee pathologies who demonstrate quadriceps activation failure should be instructed to use TENS more than cryotherapy, unless they are attempting to control the onset of swelling and inflammation after exercise or activity. In patients with acute knee pathologies or who have recently undergone knee surgery, cryotherapy may be the more pertinent disinhibitory modality because of its ability to decrease cell metabolism, control edema formation, and reduce pain during the inflammatory phase. 5 As a patient's pain and swelling diminish, cryotherapy should be administered less and TENS can be introduced more regularly to restore quadriceps activation, control pain, and facilitate exercise. 4 Cryotherapy can be applied during simple, non-weight-bearing exercises such as seated straight leg raises, but unlike TENS, it impedes movements during more dynamic, weight-bearing exercises. Therefore, TENS should be administered as soon as disinhibited patients no longer have acute knee swelling and they are cleared to perform weight-bearing exercises. 
Clinical Recommendation
We conclude that both TENS and cryotherapy are effective modalities for improving quadriceps activation in patients with knee pathologies. However, the versatility of TENS does offer a clinical advantage over cryotherapy by allowing patients to use it during both clinical and daily activities. The recommended treatment guidelines (location, parameters, duration) for clinicians to use to facilitate quadriceps activation can be seen in Table 4 . Future investigations should assess long-term (> 4 weeks) effects of these interventions, as well as additional disinhibitory modalities that can be used to restore quadriceps activation levels in patients with various knee pathologies.
In addition, it has been hypothesized that TENS and cryotherapy improve voluntary activation by targeting spinal reflexive circuits. 14 Participants 33 patients with tibiofemoral osteoarthritis randomized to TENS (TENS; n = 10; age 56 ± 10.1 years), focal joint cooling (CRYO; n = 11; age 58 ± 8.4 years) or control (CON; n = 12; age 54 ± 9.9 years) interventions.
36 patients with tibiofemoral osteoarthritis randomized to TENS and exercise (TENS+EX; n = 12), placebo-TENS and exercise (pTENS+EX; n = 12), or exercise only (EX; n = 12) interventions. Subjects matched by quadriceps activation and TFOA grade.
30 patients with unilateral ACL deficiency (age = 31.6 ± 13 years) randomized to TENS and exercise (TENS+EX; n = 10), cryotherapy and exercise (CRYO+EX; n = 10), or exercise only (EX; n = 10). Primary findings: CAR was different between groups at baseline (p < 0.05). All subjects improved from baseline CARs at day 1 and 2 weeks (p < 0.05). No group differences in CARs at day 1 or 2 weeks (p > 0.05), accounting for differences at baseline. Using TENS with exercise improves both quadriceps activation and strength in patients with tibiofemoral osteoarthritis more effectively than exercise alone.
Although all three interventions improved quadriceps activation and strength in patients with ACL deficiency, TENS with exercise and cryotherapy with exercise Pietrosimone et al 7 Pietrosimone et al 8 Hart et al 9 Although cryotherapy did not sustain its disinhibitory effect as long as TENS, the TENS treatment duration was longer than cryotherapy. Therefore, TENS cannot be considered as superior to cryotherapy for increasing quadriceps activation.
Increased quadriceps activation levels observed after the removal of TENS suggests a sustained treatment effect.
The capability of using TENS during exercise makes it an attractive modality for treating quadriceps activation failure in patients.
were no more effective than exercise alone.
Subjects in the exercise only group had higher CARs at baseline, therefore its effectiveness at increasing quadriceps activation was overestimated, and the additive effect of TENS and cryotherapy may have been masked. 
